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SUMMARY 


This paper describes a computational method for estimating the contri- 
bution to air pollution of air traffic at San Jose Municipal Airport. 

Aircraft emission levels were estimated as a function of the time and 
location at which the pollutants were discharged. The relative contributions 
of certificated carrier and general aviation traffic to air pollution were 
estimated. 


INTRODXTION 


This paper presents estimates of the amount of air pollution discharged 
by arriving and departing aircraft at the San Jose Municipal Airport. These 
estimates were made for each one hour interval of a summer weekday in 1977. 
The contributions of both general aviation (personal and business aircraft) 
and certificated air carriers (scheduled airliners) were considered. The 
locations at which the pollutants were discharged were estimated by approxi- 
mating the flight paths of arriving and departing aircraft. Three types of 
pollutants were considered: carbon monoxide (CO), hydrocarbons (HC) , and 

oxides of nitrogen (NO^) . 

This study was undertaken In support of current efforts to aiodel air 
pollution from all sources in the San ”ranclsco Bay Area (ref. 1). This 
paper Is a first step toward modeling airplane operations as one of the 
sources of air pollution. It does not account for the dispersion of the 
pollutants after they are released; transport of pollutants from all sources 
is being considered In the larger Bay Area pollution model. 


AIR TRAFFIC AT SAN JOSE MUNICIPAL AIRPORT 


Air traffic at the San Jose Municipal Airport in 1977 consisted of three 
types of aircraft operations: certificated air carriers, commuter airlines, 

and general aviation. Ten certificated carriers served San Jose; they flew 
seven different aircraft types, their average traffic amounting to 150 dally 
operations. An "operation" Is either a takeoff or landing. General-aviation 
activity consisted of about 1000 dally operations by a wide assortment of 
airplane types and sizes (ref. 2). Commuter airline traffic totaled about 18 
operations dally (ref. 2); for the purposes of this study, commuter airlines 
were Included as general aviation traffic. 



Tilt* pollution d iiich.irKod by certificated carrier** wuh eHt imated bv 
I'ompui in^ tlie contribution ol each aircraft and Humniinft all operations. 

This appr*'acli was possible because of the relatively sra.ill number of 
operat ions (ISO) and alrcrall t'’pes (7) and because certificated carrier 
fllglit paths were predictable. 

In contrast, it was not practical to account for each general-aviation 
operation individual! because of the larjte number of operations ('lOtjO), the 
diversity of aircraft types and sizes, and the ur.pred i. tab! 1 Ity of individual 
I 1 lltht paths. Therefore, the conirihution of general -av iat ion traffic ti> air 
pollution was estimated by defining an average general-avlat ion aircraft and 
an averagi pattern of operation. 

Figure I illustrates the hourly frequency of certlfi.aied carrier and 
genera 1-aviat ion operat ii'ns at San Jose Municipal Airport t.T a summer 
weekday in 1977. Data (o» the certifliated carriers were obtained from 
published schedules of arrivals and departures. The hourly frequency of 
genera 1 -av lat ion operations was based on a national survev in which was ex- 
pressed the number of operations during each liour as a tr.ution of the i il 
number of dally operations. 


AIRPI-ANE n.K’.HT PATHS 


A computer program was developed that approximated each airplane flight 
path as a combination of straight and spiral line segments. F.ach segment 
was defined by three initial spatial coordinates, an initial true heading, a 
flight path angle relative to horizontal, a turn radius, md some end-of- 
segment indicator. The end point and t mal heading of a segment became the 
initial point and heading ot the subsequent segment. 


All airspace near the airport was considered to be divided into sub- 
volumes, each sub-volume with dimensions of 1* longitude by I' latitude by 
100-m altitude. Each air., raft was assumed to be a point source of pollution 
traveling along its flight path at some velocitv and disch.trging pollution 
at a certain rate. The time spent by an aircraft in anv volume of airspace 
was the length ot the flight path in that volume divided h\ the airplane's 
velocity. The quantity of pollution discharged into inv airspace volume was 
the product of the engine emission rate and the time the aircraft spent in 
that volume. 


Flight path angle, airspeed, and engine emission rates were expressed 
as empirical functions of engine power setting for each tvpe of aircraft. 

For departing aircraft the engine power setting was the independent v.iriable 
from which climb angle, airspeed, and emission rates were determined. For 
arriving aircraft, the flight path angle was the independent variable used to 
compute airspeed and power setting, rimmerc ial transports were distinguished 
by manufacturer and model — IX'.-8, Boeing 727 , etc. However, one set of 
performance relationships was used to define the (light paths of all general- 
•aviation operations. 
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Alror.ift turns were iiHsumod to bo standard-rate instrument turns (J*/s). 
riu* lengths of line segments representing the takeoft and landing ground runs 
uere determined as a function of alrcrtft type. 

One set of five flight paths, each composed of a standard sequence of 
flight path segments, was assumed to account for all certificated air-carrier 
traffic at tlie San Jose Airport. These fllglit paths. Illustrated in 
t igure 2, were based on local Instrument flight rules (IFR) prtcedures 
iref. s). Kach certiflcarod carrier operation was assigned one of these 
flight paths based on the airplane's direction of arrival or departure. 

A different set of five flight paths was assumed to represent general- 
aviation traffic at the airport. General-aviation flight paths. Illustrated 
In figure 1, were chosen to be representative of typical visual flight rules 
(VFR) proiedures. Each flight path was assumed to account ; or a fixed 
I rai t ion of general aviation operations within any period ol time. The 
quant It V of alt pollution emitted by a nominal number of average general- 
avl.^tlon airplanes operating along these flight paths was scaled up or down 
according to the level of general-aviation air traffic during eaclt hour of 
the dav. 

Each certificated air carrier and general-aviation operation was assumed 
to Include a taxi segment defined by some average time spent on the ground at 
Idle power. The time required for a general-aviation airplane to taxi to or 
from the runway at San Jose Airport Is a little more than three minutes. 

Prior to takeoff this time Is substantially longer since engine run-up and 
pre-takeoff checks must be performed. Realistically, however, many general- 
aviation operations are touch-and-go and Involve no taxiing. Thus in average 
taxi time per operation should be somewhat shorter than the time required for 
one airplane to taxi to or from the runway. A nominal taxi time of three 
minutes was assumed for each general-aviation operation. 

The time required for a commercial transport to taxi to or from the 
runway is about 3'j min, yet Instrument departures In . mgested airspace often 
Include delays on the ground waiting for clearances. Thus an average taxi 
time of 6'j min, somewhat longer than expected without delays, was assumed for 
each certificated carrier operation. Because the time spent taxiing was 
uncertain, taxi times both longer and shorter than tlie nominal times cited 
here were also considered. 


ENGINE EMISSION RATES 


Based on data from references 5 and 6, the emission rates of CO, HC, 
and NOjj were expressed as functions of engine power setting for each type of 
engine (figs. 4, 5, and 6). General -av lat Ion engine emission rates were 
approximated by defining an average emission rate vs power setting curve for 
each pollutant. These average rates were based on emissions data from a 
wide range of horizontally opposed piston engines. 
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Tlu‘ .ivorcittt’ numhor of fiiKliu’it por jtonfr.il avi.it ion airplano at San Jose 
Airport in 1.14 (rof. 2). THiih, tho oniHsion rate of thf average general- 
aviation .lireraft w.ih .iHtnimt-ii to be 1.14 timea the aingle engine emiaiiion 
r.iteri illuMtrated in f igurea 4, 5, and b. 


RESl'l.TS 


rite quant it iea of aircraft pollution were eat im.it ed aa functiona of 
apace and time. This reaulted in a f our-d imenaional array deacribing each 
pollutant. These data were moat eaailv preaenied witen two or more of these 
dinenaiona were eliminated. 

The horizontal d iatr ibut ions of pollutants discharged by aircraft below 
2 kill in one day .ire illustrated in figures 7, 8, ana 9. These distributions 
reflect those fliglit paths air traffic was assumed to follow. More 
significantly, however, these figures show that pollution concentr.it ions are 
highest in the immediate vicinity of the airport. 

Relative to other flight paths, high concentrations of NOj^ are found 
along departure flight paths of certificated carriers (fig. 7). This is 
because turbine engines discharge at much higher rates .it high power 
settings than at low power. Concent rat ions of along general-aviation 
flight paths are low because, compared to turbine engines, piston engines 
emit ver> little NO^^. In contrast, general-aviation flight paths appear 
prominently in both the HC and CO distributions compared to certificated 
carriers (figs. 8 and 9). This is primarily because of the larger number of 
general -av iat ion operations since turbine engines produce CO and HC at rates 
comparable to piston engines. In addition, genera 1 -av iat ion aircraft fly at 
airspeeds significantly lower than commercial transports and thus each 
general-avl.it ion aircraft spends more time in the airport area than does a 
commercial transport. 

The vertical distributions of pollutants discharged by aircraft during 
one day are illustrated in figure 10. The pollution concentr.it ions are 
highest in the first 100-m above the ground where airplanes. Involved in 
laxi, takeoff, and landing, spend a disproportionate amount of time. In 
.iddition, aircraft on or near the ground operate at either idle oi maximum 
pow» r where emission rates of one or more pollutants are highest. 

Together, figures 7, 8, 9, and 10 illustrate that pollution discharged 
by airplanes is concentrated at the airport and close to the ground. It was 
difficult to estimate absolute quantities of pollution emitted In this 
region bec.ause of the uncertainty in predicting .average taxi times. How- 
ever, it was possible to estimate the amounts of CO, HC, and relative to 
each other and to compare the contributions of general .iviation and 
certificated carriers to each. 

Figure 11 illustrates estimated amounts of CO, HC, and NO^^ emitted bv 
aircraft at the airport below lOO-m during each hour of the dav. The CO 
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levels «re substantially higher than levels of HC and NO^. This is 
primarily because Idling turbine and piston engines emit more CO than HC and 
NO^. The CO and HC levels illustrated in figure II are sensitive to the 
assumed taxi times because (1) turbine engine emission rates of CO and HC 
are hlgliest at idle power, and (2) at idle power, piston engine emission 
rates of CO and HC, though lower than at high power, are still significant. 

On the other hand, the NO,^ levels illustrated in figure 11 are insensitive 
to the assumed taxi times per operation. Piston and turbine engines emit 
NO^ at much higher rates at takeoff power settings than at idle. Thus, 
although the time spent at idle power is relatively long, the NO^ discharged 
during the brief takeoff and first segment of climb far exceeds that emitted 
during taxi. 

Compared with certificated carriers, general-aviation traffic produces 
very little NOj^ at the airport (fig. 12). Even when general-aviation taxi 
times are assumed to be three times as long as for certificated carriers, 
the NO^ emitted by genera 1-aviat ion traffic is Insignificant. 

General-aviation operations contribute substantial portions of the HC and 
CO discharged by airplanes at the airport. The precise portions depend on the 
relative taxi times per operation for general-aviation and certificated 
carriers. The shares Illustrated in figures 13 and 14 are based on the nom- 
inal taxi times of 3 min for each general aviation operation and 6 1/2 min 
for each certificated carrier operation. 


CONCLUSIONS 


This paper describes a method for estimating the contribution to air 
pollution of air traffic at the San Jose Municipal Airport. By this method 
it was found that the largest quantities of aircraft pollutants were 
discharged in the Immediate vicinity of the airport. A substantial portion 
of CO's and HC's emitted by airplanes was attributable to general-aviation 
traffic; the contribution of general aviation to NO^ emission levels was 
estimated to be negligible. 
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Figure 1. 


San Jose air traffic, average summer weekday, 1977. 




FlRure 3. General-aviation traffic patterns. 
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Figure 7. Oxides of nitrogen discharged below 2 -km altitude. 
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Figure 8. Hydrocarbons discharged below 2-km altitude. 
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Figure 9. Carbon monoxide discharged below 2-km altitude. 
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Figure 14. HC dl.scharged below ICO-m altitude. 


